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QU En Lay I Yi GUU pe La fault Of se de utiles à id 
«de Qu Sub Led @3jalt Gb Jjul dmts dote dors AS À der LS 
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ep leu JS Da eut wysls GA etit &al liodll DYT Aygo cell 
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dr 2 OI élire ge Wgue dou Ÿ perds out Don St Sly € KE 
A St ge URtaall GS duos Lt Het ae CU 55 Lal 
Je 8 ES Lens VON GES âmes Di YU Lu 6 9 LG pad 
AStugl 0 bi UN ëbedi Slyje pans ANT lie ÂT Le LL LS cs 
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LS 46 5e 

La) gli à US > JR sun Cd g otyjoi 5 LIU de ty drtys 
Lu lgu Sir mans Loi Ole deb of elle due s55e dé) 15 sg 
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A>;oli on à élgess dt day slt ana) Pop de alt mi je 
ATP) Bb à 


- \V\- 


dlæjell oda à (ATP) &b > less pl joLis luje dll 39 stx Ole 
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grade gels (ds oebaie cbr Gi Lt ae ue We UN! (Ji gt 
Dit où JS coul GAEY pglrall egjat ce slif De Got JEU pa cul 
des 65 ce sr EN des 6, SA 

Qt SU ségpnll oe— céplt rad je Gulli Ve à Lait Dual JS 
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CC gs ef en ce Dell Je 
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Total Entries 
Number  Referring 
of Entries to 


Lehninger 1970 Wonh 6,000 
Lehninger 1982 Wonh 7,000 
Lehninger et al. 1993 Worth 8.000 
Devin 1982 John Wiey & Sor.s 3,500 
Devlin 1986 John Wiley & Sons 2.500 
Devlin 1992 Wiley-Liss 5,000 
Stryer 1975 Freeman 3,000 
Stryer 1981 Freeman 4,000 
Stryer 1988 Freeman 4.000 
Stryer 1995 Fregman 4,000 
Voet & Voet 1990 John Wiley & Sons 9,000 
Voet & Voet 1995 John Wiley & Sons 10.000 
Mathews & van Hotde 1990 Benjamin Cummings 6.000 
Horton et al. 1993 Prentice Hall 4,500 
Moran el al. 1994 Prentice Hall 9.000 
Zubay 1983 Addison Wesisy 5.000 
Zubay 1958 Macmillan 5.000 
Zuday 1993 Wm. C. Brown 6.000 
Zutay el al. 1995 Wm. C. Brown 7.000 
Armstrong & Bennett 1979 Oxtord University 2.500 
Armstrong 1983 Oxford University 3.000 
Armstrong 1989 Oxford University 4,000 
Scheve 1964 Ayn and Bacon 3.000 
Abeles et al. 1992 Jones and Bartien 4,500 
Garrett & Grisham 1995 Harcourt Brace 6,000 
Wood et al. 1981 Benjamin Cummings 4,000 
Conn & Stumpt 1976 John Wiley & Sons 2,500 
Conn et at. 1987 John Wilay & Sons 2,500 
Kuchel & Ralston 1988 McGraw-Hill 3,500 
Gilbert 1992 McGraw-Hill 1.000 
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1. À good general introduction to cilia can be found in Voet, D. and Voet, 
J. G. (1995) Biochemistry, 2nd ed., John Wiley and Sons, New York, pp. 
1253-1259. 

2. There are also other connectors in this system. For example, the 
contacts the dynein arm makes with the microtubule also serve as a 
connector. As mentioned previously, a system can be more complex 
than the simplest system imaginable, and the cilium is an example of 
such a system. 

3. Cavalier-Smith, T. (1978) «The Evolutionary Origin and Phylogeny of 
Microtubules, Mitotic Spindles, and Eukaryote Flagella,» BioSystems, 
10, 93-114. 

4. Szathmary, €. (1987) «EÆEarly Evolution of Microtubules and 
Undulipodia,» BioSystems, 20, 115-131. 

5. Bermudes, D., Margulis, L., and Tzertinis, G. (1986) «Prokaryotic Origin 
of Undulipodia,» Annals of the New York Academy of Science, 503, 187- 
197. 

6. Cavalier-Smith, T. (1992) «The Number of Symbiotic Origins of 
Organelles», BioSystems, 28, 91-106; Margulis, L. (1992) «Protoctists 
and Polyphyly: Comment on ‘The Number of Symbiotic.." by T. 
Cavalier-Smith,» BioSystems, 28, 107-108. 
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7. À search of Science Citation Index shows that each paper receives an 
average of less than one citation per year. 

8. À good general introduction to flagella can be found in Voet and Voet, 
pp. 1259-1260. Greater detail about the flagellar motor can be found in 
the following: Schuster, S. C., and Khan, S. (1994) «The Bacterial 
Flagellar Motor,» Annual Review of Biophysics and Biomolecular 
Structure, 23, 509-539; Caplan, S. R., and Kara-lvanov, M. (1993) «The 
Bacterial Flagellar Motor,» /nternational Review of Cytology, 147, 97- 
164. 

9. Voet and Voet, p. 1260. 
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1. À good general introduction to blood coagulation can be found in 
Voet, D., and Voet, J. G. (1995) Biochemistry, John Wiley & Sons, New 
York, pp. 1196-1207. For more detailed descriptions see any of the 
following: Furie, B., and Furie, B. C. (1988) «The Molecular Basis of 
Blood Coagulation,» Cell, 53, 505-518; Davie, E. W., Fujikawa, K., and 
Kisiel, W. (1991) «The Coagulation Cascade: Initiation, Maintenance, 
and Regulation,» Biochemistry, 30, 10363-10370; Halkier, T. (1991) 
Mechanisms in Blood Coagulation, Fibrinolysis and the Complement 
System, Cambridge University Press, Cambridge, England. 

2. The suffix -ogen designates the inactive progenitor of an active 
molecule. 

3. The word factor is often used during research when it is not certain 
what the nature of a substance under investigation is—whether 
protein, fat, carbohydrate, or something else. Even after its identity is 
pinned down, however, sometimes the old name continues to be used. 
In the blood-clotting pathway, all «factors» are proteins. 

4. À gene is a portion of DNA that instructs the cell how to make a 
protein. 

5. Doolittle, R. F. (1993) «The Evolution of Vertebrate Blood Coagulation: 
A Case of Yin and Yang,» Thrombosis and Haemostasis, 70, 24-28. 

6. The proteins involved in blood clotting are frequently referred to by 
Roman numerals, such as Factor V and Factor VIII. Doolittle uses that 
terminology in his article in Thrombosis and Haemostasis. For clarity 
and consistency 1 have used the common names of the proteins in the 
quotation. 
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7 TPA has à total of five domains. Two dom:.15, however, are of the 
same type. 

8. The odds are not decreased if the domains are hooked together at 

different times—with domains 1 and 2 coming together in one event, 

then later on domain 3 joining them, and so on. Think of the odds of « 
picking four black balls from a barrel containing black balls and white 
balls. 1f you take out four at once, or take two at the first grab and one 
apiece on the next two grabs, the odds of ending up with four black balis 
are the same. 

9, This calculation is exceedingly generous. It only assumes that the four 
types of domains would have to be in the correct linear order. In order 
to work, however, the combination would have to be located in an 
active area of the genome, the correct signals for splicing together the 
parts would have to be in place, the amino acid sequences of the four 
domains would have to be compatible with each other, and other 
considerations would affect the outcome. These further considerations 
only make the event much more improbable. 

10. It is good to keep in mind that a «step» could well be thousands of 
generations. A mutation must start in a single animal and then spread 
through the population. In order to do that, the descendants of the 
mutant animal must displace the descendants of all other animals. 
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McGraw-Hill, New York, pp. 2495-2508. 
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Smith, T. (1987) «The Simultaneous Symbiotic Origin of Mitochondria, 
Chloroplasts and Microbodies,» Annals of the New York Academy of 
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Science, 503, 55-71; Cavalier-Smith, T. (1992) «The Number of 
Symbiotic Origins of Organelles,» BioSystems, 28, 91-106; Hart|, F., 
Ostermann, J, Guiard, B., and Neupert, W. (1987) «Successive 
Translocation into and out of the Mitochondrial Matrix: Targeting of 
Proteins to the Inner Membrane Space by a Bipartite Signal Peptide,» 
Cell, 51, 1027-1037. 

5. Alberts et al., pp. 551-651. 
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1. Good introductions to the immune system can be found in Voet, D. 
and Voet, J. G. (1995) Biochemistry, 2nd ed., John Wiley & Sons, New 
York, pp. 1207-1234; and Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, 
K., and Watson, J. D. (1994) Molecular Biology of the Cell, 3rd ed. 
Garland Publishing, New York, chap. 23. 

2. The cells are actually called B cells because they were fast discovered 
in the Bursa fabricius of birds. 

3. The cell goes to enormous trouble to splice together gene pieces— 
employing very complex machinery to align the ends properly and 
stitch together the pieces. Except in the case of antibody genes, 
however, the reason that «interrupted genes» exist at all is still a 
mystery. 

4. Except for cells that make special classes of antibodies. | won't discuss 
that further complication. 

5. Bartl, S., Baltimore, D., and Weissman, I. L. (1994) «Molecular 
Evolution of the Vertebrate immune System.» Proceedings of the 
National Academy of Sciences, 91, 10769-10770. 

6. Farries, T. C., and Atkinson, J. P. (1991) «Evolution of the Complement 
System,» Immunology Today, 12, 295-300. 

7. Examples include: DuPasquier, L. (1992) «Origin and Evolution of the 
Vertebrate immune System,» APMIS, 100, 383-392; Stewart, J. (1994) 
The Primordial VRM System and the Evolution of Vertebrate Immunity, 
R. G. Landes Co., Austin; Sima, P., and Vetvicka, V. (1993) «Evolution of 
immune Reactions,» Critical Reviews in Immunology, 13, 83-114. 
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1. RNA is made of the four nucleotides À, C, G, and U. 
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2. Several other simplifications will be used. The hydrogen atoms of the 
molecule will not be discussed or indicated in Figure 7-1. Hydrogen 
atoms for the most part just ride along with other atoms in the 
synthesis of AMP so it really isn't necessary to pay attention to them to 
get the idea across. Additionally, double bonds and single bonds will 
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